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Abstract 
PETER NICKlAS 
The ultraviolet photoelectron spectra of 2,2,4,4 tetramethyl thietan-
3-one, 2,2,4,4 tetramethyloxetan-3-one and 1-benzhydrylazetidin-3-one have 
been investigated for the purpose of studying possible interactions between 
the endocylic heteroatom and the exocyclic carbonyl group. Molecular or-
bital calculations at the ST0-3G level, infrared and ultraviolet spectra 
have been also used to aid in the interpretation of the data. Very little 
if any interaction appears between the heteroatom and carbonyl group trans-
annularly. With this interpretation it appears that in heterocyclobutan-
diones, the predominant effect is circumannular rather than transannular 
interaction. 
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INTRODUCTION 
In the past decade some new in terpretations of orbital interactions 
in small rings have resulted f rom the observations of valence shell ioni-
zation potentials. 1 
These ionization potential s were obta ined from a technique known as 
photoelectron spectroscopy, mos t often referred to as PES. Photoelectron 
spectroscopy is the branch of electron spectroscopy in which the ionizing 
process is brought about by vacuum ultraviolet radiation. It is thus con-
cerned with the ejection of electrons from valence orbitals of molecules. 
What PES does is measure the binding energies of electrons in a molecule 
by determining the kinetic energies of these el ectrons when they are 
ejected from the molecu le by the impact of (us ually} monochromatic radia-
tion. This phenomena can be expressed by the re lationship: 2 
(energy units are in electron volts) 
E1p - ionization potential 
Es - energy of radiation source 
EK·E - kinetic energy of ejected elect ron 
By use of the values for t he ion ization potentials, band shapes 
and the number of i on izations, a molecular orbital picture along with 
the energy l evels of the desi red molecule can be constructed. 3 
Throug h PES, severa l types of molecular in teractions have come to 
light. Of particular interest to us , is the through bond or circuman-
nular interaction,4 observed between the l one pair~ of the oxygen atoms 
in 2,2,4,4 tetramethyl-1,3-cycl obut andione, i nteracting through the 
orbitals of appropr iate symmetry , on the carbon atoms in the ring and 
2 
what is referred to as a transannu l ar or through space 1,3 p-pi inter-
action.5 Both interactions mentioned, have the potential of occurring in 
the cyclobutadione molecule and re lated systems. 
Spectral properties other t han PES, such as ultraviolet, infrared, 
and NMR can give informati on rel ating t o the structures and eventually 
to the orbital interactions in small ring systems. Such studies have 
been previously reported in our labs. 6 
3 
PURPOSE 
The purpose of this work is to evaluate the magnitude of circuman-
nular versus transannular interacti ons in specific heterocyclic systems. 
In order to accomplish this, the synthesis of thietan-3-one, azetidin-
3-one, oxetan-3-one, and related heterocyclic systems were to be attempted 
and their spectral properties examined. 
HISTORICAL 
As noted previously, of pa r ticu la r interest · in these studies are 
the compounds thietan-3-one (1) azetid in-3-one (2) and oxetan-3-one (3) 
and their substituted counterpar ts. 
0 
~0 
( 1 ) (2) 
Preparative methods for these compounds involve the oxidation of 
the alcoholic deri vative, the cyclization of a - a' dihaloketones, and 
ring contraction of tetrahydrofuran derivatives. 
The first synthesis of thietan-3-one cons isted of ring closure of 
1,3 dichloro-2-propanol (4) via Na2s to form th ietan-3-ol (5) and oxi-
dation of the alco hol to the corresponding ketone through an Oppenauer 
oxidation . 7 
OH H ,~;0 
I Na 2s DOH Dy rH2-CH-yH2 Oppen> > 
Cl Cl 
Oxid 
(4 ) (5) 
Thietan- 3-one was also obtained by the hydrolysis of thietan-3-
dimethylketa1.8( 6) 
yH2- Br 
(CH30)2- C- CH2Br 
(6} 
0 
~0 
-· 
Additionally, a te t ramethyl derivative of thietan-3-one has also 
been prepared. 9 
4 
Thietan-3-ones undergo the usual reactions of ketones in forming 
common derivatives of this funct ional group. Ultraviolet and infrared 
spectroscopy of these compounds is cited in the literature. Most of 
this spectral work was undertaken so as to have a desirable comparative 
study with respect to five and six-membered ring thiaketones. 
The ultraviol et spectra of 2,2,4, 4 tetramethyl-thietan-3-one shows 
a single absorption at 255 nm (smax- 262; 95% ethano1). 9 For the un-
5 
substituted thietan-3-one a similar ultraviole t spectra was observed, 
with Amax at 243 (smax- 252; 95% ethanol). 7 Both thietan-3-ones showed 
a red shift with decreasing polari ty of t he solvent. 
The infrared spectra of the tetramet hyl derivative showed carbonyl 
absorptions at 1760 cm-1 and 1720 cm-1. 9 For thietan-3-one, the carbonyl 
band is again disti nctly sp lit with bands at 1768 and 1731 cm-1. These 
splittings are assumed to occur via an S-Cco transannular interaction 
and by as suming the existence of mixtures of interacting and non-inter-
acting conformations. Th is conclusion is reached by observing analogous 
carbonyl splittings in larger cyclic thiaketones. Additionally, a far 
infrared and microwave spectral study was conducted on thietan-3-one. 10 
The analysis of these spectra was done in order to furnish the ring 
puckering potent ial function and determine the planarity or non-planarity 
of the thietanone structure. NMR spectra for these compounds show the 
expected signa ls for the substituted th ietan-3-one; one sharp singlet 
which is observed at o = 1.71. 9 Thietan-3-one also showed the expected 
one unsplit signal at o = 4.15. 7 The oxetane ring system has -· been 
synthesized thru many different routes. The first reported synthesis 
consisted of the decomposition of diazomet hyl 2-ketols yielding oxetan-
3-ones.11 
0 
II oC-Cl 
o2ccH3 
(7) 
(8) 
1-oxaspiro [3.5]-3-nonanone (8) has been prepared by this route in 30% 
overall yield from 1-hydroxycyclohexane carboxylic acid (7). 11 Oxetan-
3-one (9) itself was also prepared by this method but was isolated only 
as a phenylhydrazone. 11 
Other methods12,13 invo lved ring contraction of tetrahydrofuran 
.derivatives. 
6 
OH OH 
I I 
R-C-C::C-C-R 
NaHC03 > 
kl hl 
Pb(OAc) 4 > 
I. 1 R, R = CH 3 
II. R = CH 3 
Rl = C2H5 
III. 1 R,R = c6H5 
The tetraphenyl derivative has also been prepared differently 
through the autooxidat ion of tetraphenyl acetone. 14 Most recent y, the 
unsubstituted oxetan-3-one has been prepa red by the mild oxidation of 
oxetanol with a chromic oxide-pyridine compl ex or by heating oxetyl 
tosylate in dimethylsulfox ide. 15 
(a) 
(b) 
H dOH 
~0 
D
O-  0 CH 3 
0 0 
D 
6 
oMso> 
1"0 
~0 
D 
The several oxetan-3-ones known show typical ketone properties. 
7 
The infrared absorption spectra of oxetan- 3-ones show a strong absorption 
at 1820 cm- 1 due to the carbonyl functional group. The ultraviolet spec-
trum of 1-oxaspiro-[3,5]-3-nonanone (8) shows an absorption maximum at 
290 nm with log E= 1.4 using hexane as the solvent.
11 
NMR data taken of the unsubstituted oxetan-3-one showed a singlet 
at o = 5.4o. 15 Additional spectral studies on the unsubstituted oxetan-
3-one involve microwave studies, 16 , 17 infrared, and Raman analysis
18 
in 
which the potential function for ring puckering was determined. These 
studies are anal ogous to the thietan-3-one studies mentioned previously 
suggesting that the ring is planar. 
There are few reported syntheses of azetidin-3-ones. The most 
popular synthesis is one in whi ch t he alcoholic derivative is oxidized 
to the corresponding ketone.l 9,20 ,21 
R 
H 
rtOH 
/~_j 
R = -CH(C6H5)2 
R = -C6Hll 
Cro3 
AcoH> or 
pyrid ine-so3 
DMSO > 
This route is most sat is factory s ince the alcoholic derivatives 
are easily acquired thru t he condensation of a primary amine and epi-
chlorohydrin .20,21 
H 
r--lrOH KOH)> 
R-~H_LCl G 
The azetidi nones beha ve chemically as do most ketones. Spectral 
data taken was used for structure confirmati on. Both ketones, 1-benz-
hydrylazetidin-3-one, and 1-cyclohexyl azet i din-3-one showed an intense 
infrared absorpti on at 1820 cm-1. 
+ The mass spectrum of l- benzyhydryl azeti din-3-one showed a M peak 
at m/e 237, M- 28 (c
15
H15 N) and M- 70 (c13H11 ). The NMR spectrum showed 
8 
a four pro to n singlet at 8 = 4.0 assig nabl e to the ring methylene protons 
and a one proton singlet at o = 4.6 assigna ble to the benzylic proton. 
In addition, there were the expected signal s for the aromatic protons. 
Similar data for the cyclohexyl derivative was not reported. 
In closing, it should be pointed out that no photoelectron spectra 
9 
of any of these heterocyclic systems has been reported. Somewhat analo-
gous systems in which PES data has been reported are 2,2,4,4 tetramethyl-
1,3-cyclobutadione (10) , 2,2 ,4,4 tetramethyl-1,3-cyclobutathione, and 
N,N' cyclohexyl-2,2,4, 4 tetramethyl-1,3-cyc lobutane-diimine. 23 , 24 
CH3 ~0 
CH t!S CH3 N - R CHP CHti 
3 4 CH3 3~ CH3 3-1' CH3 
0 CH3 S CH3 R,....-N CH3 
(l 0) ( 11 ) ( 12) 
The importance of the data fou nd from the photoelectron spectra of 
compounds 10, 11, and 12 and the hete rocycli c systems cited previously 
will be studied and di scussed in this thesis. 
10 
EXPERIMENTAL 
The following experimental work was performed at South Dakota State 
University, located in Brookings, South Dakota, unless otherwise indicated. 
All infrared spectra were obtained on Perk in-Elmer models 521 and 
700 grating spectrometers . Spectra were obtained as mulls unless other-
wise indicated. 
Nuclear magnet ic resonance data were obtai ned on a Perkin-Elmer 
Model Rl2B spectrometer at the normal operating temperature of 25°, with 
the following except ion: high and low temperature spectra of 2,2,4,4 
tetramethyl-th ietan-3-one at temperatures of -30°, 25° in acetone -d6 
and 100° in DMSO-d6 were conducted on a Varian CHT-20 Fourier transformer 
H1 spectrometer, located at Fort Colli ns, Colorado, Colorado State Uni-
versity. 
Mass spectral data were obtained on a Finnigan 3000 GC/MS mass 
spectrometer. GC columns used consisted of 3% OV-1 on 60/80 mesh chrom-
sorb W(HMOS ), 5' x l/8" l.d ., operated at about 180° . 
.Photoelectron spectra were obtained us ing a Perkin-Elmer 18 He(I) 
source Ultrav iolet Photoelectron Spectrometer with a parallel-plate 
electrostatic ana lyzer, located at Louisiana State University, Baton 
Rouge, Louisiana. 
Melting po ints were obtained using pyrex capillary tubes in a Thomas 
-Hoover Melting Point Apparatus and are in degrees Centigrade, uncorrected, 
as are boiling points. 
Preparation of 2, 2,5,5,-Tetramethyltetrahydro-3-furanone 
The procedure used here was a modifi cation of the one used by Richet.
25 
11 
2,5-dihydroxy- 2,5-dimethyl-3-hexyne ( .352 moles, 50g) was placed in 
a 500 ml round bottomed flask, equipped fo r steam distillation, containing 
1.25g of mecuric acetate and 1. 25 ml of co ncentrated sulfuric acid in 
125 ml of water. The contents were hea ted to 80° and steam was passed 
through the solution. The temperature began t o rise to 95-97° with en-
suing distillati on of water and an oily liquid . The distillate was col-
lected until it appeared that no oil separated i n the distillate. The 
distillate was then separated and the organic layer was dried with sodium 
sulfate overn ight . The organic layer wa s then subj ected to simple dis-
tillation to yield the furanone , boiling point146-148° (725 mm Hg), 
obtaining 23 ml of distillate for a 84.60% yield. 
The infrared spectrum which was run neat, gave bands at 3000, 2950, 
1760, 1465, 141 0, 1380, 1300, 1220, 1160, l 080, 1 000, 900, 800, and 700 
cm-1. The nmr spectrum gave the foll owing absorptions: 82.4 (s,2H,CH2), 
Q 
81.3 (( s ,6H,CH3)2-C-) and ol .2 (( s,6H,CH3)2-c). The mass spectrum gave a 
molecular ion at 142. 
Preparation of 3,3-dibromo,2,2 ,5,5-tetramethylhydrofuranone 
The procedure used is a modificat ion of the one used by Richet.
25 
2,2,5, 5-tetramethylhydro-3-furanone (. 195 moles, 27.75g) was placed 
in a three neck 250 ml round bottomed flas k attached with a reflux con-
denser, a dro pping funnel and mechanical st irrer. The flask was placed 
on the steam bath and bromine (.39 moles, 20.06g) was added dropwise with 
vigorous sti rring on the steam bath over a per iod of 2 hours. After ad-
dition of bromine was complete the solut ion wa s qui ckly trans ferred to a 
250 ml Erlenmeyer flask which was placed in an ice bath, affording white 
crystals. The crude crystals were then recrysta llized using pet ether 
12 
to afford 35.14g of product, a 59 . 93% yie ld with a melting point of 51-52 °. 
The infrared spectrum gave bands at 2900, 1790, 1465, 1390, 1280, 
1260, 1200, 1180, 1160, 1060, 1 000~ 920, 880 , 820 , 800, and 660 cm-1. 
0 
The nmr spectrum gave the foll owing absorpt ions: o1 .59 ((s,6H,CH3)2-c), 
and ol.49 ((s,6H,CH3)2-CBr2) . The mass spectrum gave a molecular ion at 
300. 
Preparation of 2,2,4 ,4 tetramethyl 3- hydroxyoxetane-3-carboxylic acid 
25g of dibromo ketone (0.83 moles ) was placed in 250 ml of water, 
17.5g of sod ium bicarbonate was then added and the mixture refluxed for 
8 hours. The solution was then al lowed t o cool to room temperature and 
50g of potassium hydrox i de was added to the so l ution . The solution was 
then heated to reflux for 45 minutes, and cooled to room temperature. 
The mixture was placed i n an ice bath and ac idified wi th 6N H2so4 using 
congo red indica tor . The solution was then continuousl y extracted with 
ether ( a conti nuou s li quid-liquid extracto r being empl oyed ) for 4 days. 
The ethereal sol ution was dried over MgS04 and removed under vacuum to 
yield a crude prod uct. The acid was then recrystallized from bo i ling 
chloroform several times and fine crystals were coll ected on a glass 
fritted fi lter. The yield was 5.66g of ac i d for a 39 . 19% yield, melting 
point 108-110°. 
An infrared spectrum showed bands at 3500, 3000-2800, 1700, 1450, 
1370, 1300, 1100, 1050, 1040 , 900 , 860, 825, 780, 750 , and 720 cm-
1
. 
The nmr gave the foll owing absorpti ons : o7 .8 (COOH ), o6.7 (OH), .ol.6 
(s,l2H,CH
3
}. The mas s spectrum gave a fra gment at 116. 
Prepara t ion of 2,2 ,4, 4 Tetramethyl-oxetan-3-one 
The procedure used was a modificat ion of the one used by Lester12 
et al. 
5.00g of oxetane carboxyli c aci d (. 028 moles) was dissolved with 
stirring in dry chloroform. The solu t ion was heated to gentle reflux 
and 12.75g of lead te tracetate in 35 ml of dry chloroform was added 
dropwise. When addit ion was complete , t he mixture was cooled to room 
temperature and the resulting mixture was filtered. The filtrate was 
then washed success ively with 2% aqueous hydrochloric acid, water, 5% 
aqueous sodium bicarbona te and water. The soluti on was then dried 
13 
over anhydrous mag nesium sulfate. lt was then subjected to careful 
fractional distill ation, leaving a re sidua l solid-liquid mixture. Slow 
evaporation of sol vent gave 0.5g of solid, oxetanone, for a 13.95% 
yield which showed decompo sition at 41 -47° . 
The infrared spec trum showed bands at 3000, 2950, 1820, 1760, 1460, 
1380, 1300, 1240 , 1200, 1120, 1020, 920, 790, and 780 . The nmr gave the 
following absorpt ion: 81.7 (s,l 2H ,CH3). The mass spectrum gave a mole-
cular ion at 128. 
Preparation of 2,4 dibromo-2,4 dimet~yl-3-pentanone 
This procedure described i s essen ti ally that of Claeson and Thalen.
27 
BOg of bromine (0 .5 mole) was added dropwise with stirring to 57g 
(0.5) of dii sopropyl ketone mixed with 50 ml of hydrobromic acid. The 
mixture was hea ted to 55° and a f urther 80g of bromine was added. The 
solution was kept at 55° for 3 hou rs. The organic layer was then col-
lected, washed with water, 10% aqueous sodi um bisulphite , 10% aqueous 
sodium carbonate, wate r and dried over magnesium sulfate. The product 
20° was collected at 57 -74°/l .Smm , n
0 
1.5068. The yield was 75g (55.14%). 
3 6 5 386 
The nmr spectrum gave an absorpti on at o = 2.16 (s,l2H,CH3). 
Preparation of 2,2 ,4,4 tetramethyl -th ie tan-3-one 
The procedure descr ibed is a mod ification of the one used by 
Claeson27 et al. 
14 
4.6g of sodium in 100 ml of absol ute methanol was saturated with 
H2S at 0°C. 27.2g of 2,4 dibromo-2, 4 dimethyl-3-pentanone was added 
dropwise with stirri ng and continuous passage of H2s, never allowing the 
temperature to reac h above l0 °C. After add ition was complete, the solu-
tion was left under a heavy blanket of H2S for 24 hours. The mixture 
was then poured into 400 ml of water and extracted over anhydrous MgS04 
with diethyl ether, the ether was removed under vacuum , leaving 7.64g of 
thietanone. The resul ting crude thietanone was sublimed to yield 6.51g 
of product for a 45.20% yield, m. p. 108°. 
The infrared spect rum gave bands at 3000, 2900, 1770, 1450, 1380, 
1120, 1050, 860, and 710 cm- 1. The nmr spectrum gave the following ab-
sorption: 81.70 (s,l2H,CH3). The mass spectrum gave a molecular ion at 
144. 
Preparation of 1-t-butylami no-3-chloro-2-propanol 
The procedure used here was a modification of the one used by 
Masida, et a1. 19 
Freshly di stilled t-bu t ylamine (0.5 mole , 36.57g) and epichloro-
·hydrin (0.5 mole , 46.26g) were dissolved in n-hexane (350 ml) using an 
ice bath. The solution was then allowed to stand at room temperature 
·for 12 days, at which time crystals were deposited. After eva~ration 
.of the solvent under reduced pressure at room temperature, the crystals 
were collected and recrystallized several times using hexane to give 
15 
24.52g of the propanol, 75.44% yield, melti ng point 41-43°. 
An infrared spectrum showed bands at 3300, 3200, 2900, 1460, 1380, 
1180, 1090, 1010, and 760 cm-1. The nmr spectrum gave the following 
absorptions: 84 . 0 (m,3 H,CHCH2Cl), 83.04 (s, 2H,NH-OH), 82.6 (m,2H,N-CH2), 
and 81.11 (s,9H , (CH3)3C). The mass spec trum gave a molecular ion at 162. 
Preparation of 1-cyclohexylamino-3-chloro- 2-p ropanol 
The procedu re used here was a modification of the one used by 
Masida, et a1. 19 
Cyclohexyl amine (0.5 mole, 49 .. J9g ) and eipchlorohydrin (0.5 mole, 
46.26g) were dissolved inn-hexane 350 ml ) using an ice bath. The 
mixture was f urther ice cooled for approximately 2 hours. The solution 
was then allowed to sta nd at room temperature fo r 4 days, at which time 
crystals were deposi ted . After ev porati on of the solvent under reduced 
pressure at room temperature the crys tals were collected and recrystal-
1ized several ti mes using hexane to give 75. 20g of the propanol, 78.86% 
yield, melti ng point 78-79°. 
An infrared spect rum gave band s at 3500-3200, 3300, 2900, 1460, 
1380, 1300, 1280, 1180, 1110, 11 00, 1060~ 960, 820, and 740 cm-1. The nmr 
spectrum gave the following absorptions: 83.6 (m,NH, CH20H), 82.9 (m,CH-
CH2C1), and 81.3- 2.6 (m,llH,cyclohexyl). The mass spectrum gave a mole-
cular ion at 191 . 
Preparation of 1-benzyhydryl -3-azetidinol 
The procedure used was a modification of the one used by Higgins, 
Cromwell and Paulden. 27 
Epichlorohydr in (.25 moles, 23.15g) was added t o 100 ml of methanol 
in a 250 m1 ro und bottomed flask and to this was ad ded benzhydrylamine 
16 
(.25 moles, 45.8lg). It was stoppered and allowed to stand protected 
from light for 3 days and then ref luxed for 3 days. The methanol was 
then removed under reduced pres sure with a resul ting gummy yellow 
residue. The resid ue was collected usi ng suction filtration and washed 
with acetone until the residue was cr·ystal line. The solid crystals were 
suspended in diethyl ether and the mixture extracted with 6 N NaOH. The 
ethereal extract was then dried over MgS04 and evaporated to dryness to 
afford white crysta ls, 34.34g, 57.05% yield , mel ting point 107-110°. 
An infrared spectrum gave band s at 3500-3200, 2900, 1600, 1465, 
1360, 1220, 1180 , 1100, 1080 , 1060, 1040, 980, and 860 cm-1. The nmr 
spectrum gave the following absorptions: 67.4-7 .6 (m,lOH ,ArH), 64.7 
(s,lH,OH), 64.4 (s,lH ,OH), 64.4 (m, lH,CHOH), 64. 2 (s,lH,CH-Ph2), o3.6 
(m,2H,CHNCH), o3. 1 (m,2H ,CHNCH). The mass spect rum gave a molecular 
ion at 239. 
Preparation of 1-t-bu tyl - 3-azetidi~~ 
The procedu re us ed here was a modificat ion of the one used by 
Masida, et a1. 19 
1-t-butyl-3-chloro-2- propanol ( .086 moles, 18g) was dissolved in 
75 ml of acetoni trile in a 100 ml round bottomed flask and refluxed for 
4 hours. The so lution was left standing at room temperature for 24 
hours with the deposition of crystals . Part of the solvent was then 
removed under reduced pressure and the solution was ice cooled for approx-
imately 1 hou r. The resulting crysta ls were then collected using _suction 
filtration and recrys ta llized using a mixed solvent system of methanol 
and diethylether. The resulting hydrochlor ide salt had a melting point 
17 
of 165-167°. The salt was then neut ral ized with 6N NaOH and extracted 
with diethyl ether. The resul ting ethereal extract was dried over Mgso4 
and evaporated to dryness to give a esul ting oil which upon refrigeration 
overnight (-10°C) gave 3.40g of highly hyd roscopi c crystals, 30.51% yield, 
melting point 43-45°. 
An infrared spec trum showed bands at 3500-3200, 1465, 1380, 1220, 
1180, 1100, 1020 , 960 , 920, 900 , 860, and 750 cm-1. The nmr spectrum 
gave the followi ng absorptions: o4.40 (m,CHOH ), o3. 7 (m,2H,CHNCH), 
o3.2 (m,CHNOH) , 02.9 (OH) , and 01.11 ((s 9H, (CH3)3C). The mass spectrum 
gave a molecul ar ion at 130. 
Preparation of 1-cyclohexyl-3-azetidinol 
The procedure used here was a modificat ion of the one used by 
Okutani, et al. 
1-cyclohexylamino-3-rh loro-2-propanol (.078 moles , 15g) was dis-
solved in acetoni trile (75 ml) in a 10 ml round bottomed flask and 
ref1uxed for 4 hou rs . The mi xtu re was then allowed to stand for 24 hours, 
with resulting crystal formati on. The res ul ting mixture was then subject 
to evaporation to remove some of the solven t and placed in an ice bath 
for approximately 1 ho ur. The res ulting crystals were then collected 
and the crude salt recrystallized several times using a mixed solvent 
system of methanol and diethyl ether . The melting point of the hydro-
chloride salt was 159-160°. The free alcohol was obtained by neutrali-
zation with 6N NaOH and extract ion with diethyl ether . The ethereal 
extract was dri ed over Mgso
4 
and evaporated to dryness yielding· white 
crystals. The crystals were recrystallized using pet ether to give 3.17g 
18 
of the azetidinol, 26.04% yield , melt ing point 79-80°. 
The infrared spectrum gave bands at 3500-3200, 1465, 1380, 1180, 
1160, 1090, 1020, 980, 920, 880, 860 , 820, and 780 cm-1. The nmr spec-
trum gave the followin g absorptions: 36.4 (s ,lH,OH), 64.45 (m,1H,CHOH), 
63.7 (m,2H,CHNCH), 63 . 05 (m,2H, CHNCH), and 67-2.1 (m,llH,cyclohexyl). 
The mass spectrum gave a molecular ion at 155. 
Preparation of 1-benzhydryl azetidi~-3-~ne 
The procedure us ed is a slight modifica tion of the one used by 
Chatterjee. 20 
Method A 
Cold (-l0°C) concentrated sulfuri c acid (lOg) wa s added dropwise, 
at such a rate t o a cooled (-l0 °C) and stirred solution of 1-benzhydryl-
azetidin-3-ol (6g, .02 moles), chromic acid anhydride {3g) and acetic 
acid (10 ml) in 15% aqueous acetone (50 ml) that the t emperature was 
never allowed to go abo ve -5°C. The react ion mixture wa s stirred for an 
additional 2 hours . In the following steps the tempera ture was never 
allowed to go above 2°. The reaction mixture was made alkaline with 
aqueous ammoni a (to pH 8.4). A large excess of sodium chloride was 
added to form a sl urry which was extracted with ether. The ether was 
dried over anhydrous sodium sulfate . Evaporation of the ether under 
I 
reduced pressure gave a syrupy yellow liquid , which was passed through 
a column of basic alumina. Elution with n-hexane/benzene (1:1) gave 
a white solid, which was recrystallized from hexane yi elding 2.82g (47.4% 
yield). The infrared spectrum showed bands at 2900-2850, 1820,-· 1460, 
- 1 h 1380, 1210, 1100, 1020, 960, 780, and 700 em . The nmr gave t e 
following absorpt ions: 67. 4 (m,l 0~',0- H), 64.6 (s,lH,CH) and 64.0 (s, 
4H,CH2-N-CH2). The mass spec trum gave a mol ecular ion at 237. 
Method B 
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The following is es senti all y the procedu re followed by Okutani. 28 
To a solution of DMSO (80 ml) c nta ini ng 1-benzhydrylazetidin-3-one 
(7.17g, 30 mmole) and tr iethylamin_ (30g ) was added pyridine-so3 complex 
(30g) with stirring at room temperature. Afte r stirring for 30 minutes, 
the reaction was poured into ice wa ter. The resulting oil was extracted 
with ethyl acetate , wa shed with water an· dried over anhydrous magnes~um 
sulfate. The residue obtained by the eva pora tion of the solvent under 
reduced pressure was purifi ed by p ssing it through silica gel eluted 
with benzene and ethyl acetate. The resul ting crystals were then recry-
stallized giving 4.25g (59.7% yield) of colo rless product. The product 
obtained by thi s method gave es sent"ally the same spectral data as ob-
tained from Method A. A mixed melti11g po in t of products from both 
methods gave no de pression. 
Pre aration of 1-c 
The procedure used is a modif ication of the one used by Chatterjee. 20 
Cold (-l0 °C) concentrated sul fur:c ac id (5g) was added dropwise 
and at such a rate to a cooled (-l0° C) and stirred solution of 1-cyclo-
hexylazetidin- 3-ol (3g, .02 moles), chroni c acid anhydride (1.5g) and 
acetic acid (5 ml) in 15% aqueous acetone (2 5 ml) so that the temperature 
was never allowed to go above -5°C . The reaction mixture was stirred 
for 2 hours. In the fol lowi ng steps, the temperature was never -allowed 
to go above -soc . The reaction mixture was then made alkaline with 
aqueous ammonia (to pH 8.4). A la rge excess of sodium chloride was 
added to form a slurry which was extrac t ed with ether. The ether was 
dried over anhydrous sod ium sulfate . Evaporation of the ether under 
reduced pressure gave a residual oil, ~ h ich was quickly passed through 
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a column of basic alumi na. Elu tion with n-hexane/benzene gave 0.23g 
(7.9% yield} of del inquescent crystals (m .p ., 60-64°). The infrared 
spectrum showed bands at 2900-2800, 1810, 1460, 1380, 1180, 1160, 1100, 
1020, 980, 960, 920, 860, 820, and 780 cn-1. The NMR gave absorptions 
at o4.4 (s,4H,CH2-N- CH2) , 8. 7 to 2.1 (m, cyclohexyl). The mass spectrum 
gave a molecular ion at 153. 
Preparation of 1-t-butyl azetidin-3-one 
The procedure was es sentially tha t of Chatterjee. 20 
The procedure followed wa s essen tially t hat followed in the pre-
paration of 1-cyclohexyl azeti in - 3~one, and resulted in ~.12g (4.1% 
yield) of apparently 1- t-b utyl -azet i d ~ n-3 one (m.p . , 43-49°). The in-
frared spectrum gave band s at 2850-2800, 1800, 1450, 1380, 750, 700, 
and 620 cm-1. The mass spectrum gave a mo lecular ion at 129. The 
crystals decomposed (hydrolyzed) giving of f a strong amine odor, even 
while stored unde r refrigeration (-10°C) and under inert atmosphere 
(N2) overnight. 
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RESULTS AND DISCUSSION 
Interest in studying the homol ogous series of heterocyclobutanones 
was based on the followi ng: 1,3 di rncttlylene cyclobutane (13) could 
possibly show transannul ar in terac ti n between the two exocyclic TI-bond 
chromophores. 
A simple analogy to thi s system woul d be t he delocali zation of rr elec-
trons in 1,3 butad iene. Solu tion ultravi olet absorption spectra of (1) and 
3-methylene cyclo bu tanone (14) 29 , 30 showed no ev idence of transannular 
CH2 0 o 
( 14) 
(through space) i nteraction. Later studi es shifted interest to the 
following compo und s, 1,3 cyclobutad ione (1 0) , 1,3 cyclobutathione (11) 
and 1,3 cyclobu tad ii mine (12). 31 , 32 ,33 
a<)= 0 s <> s R-N <> N-R 
( 10) ( 11 ) ( 12) 
Solution ultraviol et absorption spectra showed two n + n* tran-
sitions for (10) and (12) and one trans ition for (11}. To account for the 
transitions observed, a simpl e molecular orbital diagram can be drawn 
(Figure 1). Thi s diagram depi cts transannu lar interaction with 
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interaction of the n orbi tal s wit1 degenerate non-bonding orbitals. This 
could account for the obse rved transitions in (10) and (12). For (11), no 
reasonable explanati on can be given at t his time. Photoelectron spectro-
scopy (PES) showed t hat a different i.,Lerpretation should be made on these 
systems. 
Photoelectron spectros opy revea led that the non-bonding orb i tals 
of the heteroatoms of (10), (11 ), and (12 ) were nondegenerate. The average 
difference in energy between the 1 bital was found to be 0.4 eV. There-
fore, a reinterpretati on o f ci "'ta sh wld be cons idered. 
The two pos sibi lities whi ch exis t fo~ the compounds are: (1) the 
n orbitals do not interact t rarsa~nularly, but then-orbitals interact 
cirumannularl y th rough thP cr- ~nd framework of the ring system or (2) 
~-.... . 
' 1 
r 
I J 
\_/ ( '' / ~ >-· . ) 
• / I 
..Y /~ ..... 
both interaction s exis t. These interactions can be seen in the fol-
lowing diagram. 
,-... 
' ' ,_ 
Molecular orbital diagrams dep i cti ng these possibilities are shown on 
Figures 2 and 3. 
Both diagrams can account for the observed transitions seen on 
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ultraviolet spectra of t hese compound s. Figure 2 depicts this, and 
figure 3 could also explain the ultrav ·olet data if the energy di f ference 
between the n orbitals is :n1il a t o the difference in energy between the 
non-bonding oribtals. The lat~er in t erpreta ti on is more valid since it 
was found through PES that the energy diffe rence between n orbitals in 
1, 3 dimethyl enecyc 1 obu tane ( 3) · s . r)5 eV" 34 
Summarizi ng ultraviolet spectral da. ta, PES and calculated energy 
differences for the compounds (4 ), (5 ) , and {6), we have the following: 
Table l - Summariza tion of PES and UV Data of Cyc lobutadiones 
Structure 
~0 
D 
o1' 
-Nf' 
N-
~ 
D 
s 
~ 
D 
sf' 
U.V. (~E) 
0.63 0.65 
0.31 0. 27 
0.44 0.00 
Calc. 
0.56 
0.21 
0.48 
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Figure 3 would then be a more cor rect representation of interactions 
in the diane systems. Studyi ng the heterocyclobutanones should give an 
indication of the predominance of throug h bond versus through space 
interactions. These compounds are ideal ly suited for studying the fore-
mentioned interacti ons since they are fou nd to planar and rigid, , which 
allows the possibil ity of measurable orbital interactions in structurally 
similar environments. 
Basically, we are concerned with the i onizat ion potentials of the 
endocyclic he teroatom non-bonding electrons , then bonding electrons and 
the exocyclic carbonyl n-bonding electrons . Changes, if any, in ioniza-
tion potenti al s of t hese systems as compared to mode l systems were anal-
yzed to determine t he exten t of through bond versus through space inter-
actions. 
Figure 1 - Energy Level Diagram f or Dione Systems Assuming 
1,3 n-type Interaction and no Non-Bonding Sigma 
Orbita l Interaction 
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Figure 2 - Energy Level Diagram Ass uming no 1,3 n-type 
Interaction, but only Non-Bonding Sigma Orbital 
Interact ion 
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Figure 3- Energy Level Diag ram Assuming Both 1,3 
n-type Interact i ons and Non-Bonding Sigma 
Orbital Interactio ns 
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SYNTHESIS 
The synthetic rou tes t aken in preparing the heterocyclobutanones 
are summarized in Fig ures 2 and 3. Modi fied synthetic methods were 
attempted and will be discussed. 
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Considering the synthesis of thietan-3-ones, two routes were 
appropriate: first, syn thes'z ing a thietanol and oxidizing the thietanol 
to the correspond i ng ketone; second, using ring closure of a-a1 dihalo-
ketones to give simil ar heterocyclobutanones. The latter method was 
attempted in thi s laboratory. 
(a) 
(b) 
(c) 
(d) 
0 
II 
<t>-CH-C-CH -<P --
1 I 
Br Br 
0 
II 
CH3-CH-C-CH-CH ---- ---· I I 3 
Br Br 
0 
II 
CH3-rH-C-yH2 
Br Br 
0 
II 
fH2-C-yH2 
Br Br 
Na 
corresponding 
thietanone 
Stereochemical observation s are noted bu t are unimportant to the 
purpose of our work . No substituted thietanones were isolated. Recently, 
the synthesis of 2,4 dimethyl thie tanone wa s reported.
36 
The tendency to 
form thietanones i s apparentl y proportiona l to the deg ree of methyl . sub-
stitution on the ketone. It shou l d be apparent that the presence of an 
acidic hydrogen can lead to Favorsk i type rearrangements. By-products 
I 
were isolated by some invest igators and it was found that thietanones 
undergo ring cleavage when reacted with hydrogen sulfide. 36 
The synthesi s of aze tidinones if fo und to be quite satisfactory. 
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Lacking, however, are aze tidinones contJ ining alkyl substituents on the 
2,4 positions. The azetidinones shrwed a behavior which is quite inter-
esting but cannot be expl ained. The cyclohexyl and t-butyl azetidinones 
decompose even if stored at cold ~emperature s and under inert atmosphere. 
The benzhydryl azeti dino ne showed nJ decomposition. 
The tetrame thyl oxe tan-3-one syntheti c route was found to give high 
yields excluding the synthesis of the n- 1ydroxycarboxylic acid oxetane. 
From synthetic routes attem ted nd the notable pauci ty of hetero-
cyclobutanones , we suggest a synthesis gene rating heterocyclobutanones 
with varied 2,4 substituents. This ro te is analogous to the 2,2,4,4 
tetramethyl oxetanone synthesis. 
~0 
RlDR3 
R2 X R4 
Pb{0Ac) 4 > 
X = S, 0, NH { R) 
Se02 
dioxane > 
KOH > 
~ 
Further synthetic work empl oying such a route may lead to new 
heterocyclobutanones. 
I 
• 
yH3 yH3 
CH3-C-C:=C-C-CH I I 3 
OH OH 
Br 
sM~o 
CH 3 ... H 
CH 0 3 3 CH 3 
HO . COOH 
CH3, X ,CH3 
CH{'>\ 0J<cH3 
HgS04 > H2so4 D
.rO 
CH3 CH 
CH 0 3 
3 CH3 
l I o" ~a 
I '--':0"-'-
i 
NaHC0
3 > 
' CH
3 
CH3 0 CH3 II CH 3 
t __ i 
0 
II 
Br2 
~ 
OH -
Pb(OAc)4 ....... -
CH~ /")<cH3 
CH~O ' CH3 
Br 
Br~~o 
CH 3 0 CH 
CH 3 3 CH 3 
HO ~COOH 
CH3V/ "' CH3 
CH( "'o;x:CH3 
Figure 4. Synthesis of 2,2,4,4 Tetramethyl Oxetan-3-one 
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Synthesis of Azeti din-3-ones 
CH30 CH 3 
CH30 CH3 \ II I 
KOH> 
I II I ·· 
CH 3-CH-C-CH-CH3 
CH3- C-C-C-CH3 
CH
3
0 CH3 \ II I 
CH
3
-C- C-C-CH3 
Syn t hesis of 2,2,4,4 Tetramethyl - thietan- 3-one 
Fi gu re 5 
H 
D OH /N 
R 
• 
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Ab Initio Gaussian 70 Ca lcul ations 
Molecular orbi t al ca lculat ions were ca rried out for thietane, oxe-
tane, azetidine, azet i din-3-one, yclobu tan-3-one, oxetan-3-one, thietan-
3-one, 1,3 cycl obutandione~ 1,3 cyclo utad imine , and 1,3 cyclobutadi-
thione. The program used was ST0-2~ 'Sl ate r type orbitals define~ by 
three Gaussian f unctions). In ou · studi es, we were concerned with the 
values of the theoreti ca l ioniza ion poten tials of the lone pair of 
electrons on the heteroa tor;~.: and th-~ ·Ionization of the electrons in the 
n-bonds of each compo und. 
The values of the ion ·zation ontcntia ls were obtai ned using an IBM 
370-158 computer and Pople's Gaussian 70 Program.
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The ionization 
energies are r eported in atomic mass nits, which are converted to 
electron volts for correlative ~ffectiveness. 
The values suggest that t1c in1~ract ions between t he two chromo-
phores in the di one system" are cit ~:twFmn ul ar. It is shown that the 
non-bonding orbitals orthogonal to the ·rr orbitals are non-degenerate. 
Addi ti ana lly, mi ni ma 1 i ntera t ion is ··. 10\.Vn between the endocyc 1 i c hetero-
atoms and the n bond. The heteroatonl ln the heterocycl obutanones have 
a lone pair pa rallel with then rbitals of the carbonyl group. If 
any significant transan nular inte ·action were to occur , an observable 
change in the ioniza tion of the heteroatom lone pair wo uld be expected. 
However, this was not observed suggesting that circumannular interactions 
are mbre important than transan11ular interactions in the compounds examined. 
• 
.532 
.3~3 
.3i3 
o.oq 
~ Q.Ob 
Figure 6. Depi cts Atomic Orbital Contribution to Molecu lar Orbital of 
Spec ific Interest in Calculation of Theoreti cal Ionization 
Potential s 
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Table 2. Ionization Potentials (I.P.) and Their Values Based on 
Abinitio Gaussian 70 Calculat ions of Diones 
Compound I.P. (eV) 
'lo 8.55 
0 9.47 11.20 o'/ 12.23 
~N-H 7.72 
0 
8.08 
(ci s isomer) 8.80 
N~ 9.61 
H/ 
N-H 7.72 
// 8.08 yo (trans isomer) 9.06 9.27 
H-N 
~s 
s ~D 
Orbital 
non-bonding 1 
non-bonding 
rr-bonding 
rr-bonding 
non-bonding 
non-bonding 
rr-bonding 
rr-bonding 
non-bonding 
non-bonding 
iT-bonding 
rr-bondi ng 
non-bonding 
non-bonding 
iT-bonding 
rr-bonding 
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Table 3. Ionization Potentials (I.P.) and Their Values Based on 
Ab initio Gaussian 70 Calculation of Heterocyclobutanes 
Compound 
D 
D 
D 
D 
I.P. (eV) 
6.63 
9.10 
8.25 
10.65 
Orbital 
non-bonjing 
non-bonding 
non-bonding 
bonding 
35 
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Table 4. Ionization Potential (I.P. ) and Their Values Based on 
Abinitio Gaussian 70 Calcul ati ons of Heterocyclobutanones 
Compound I.P . (eV) Orbital 
1'0 7.09 non-bonding (sulfur) 
D 8.85 non-bonding (oxygen) 11 .60 rr-bonding 
1;0 8.64 non-bonding (nitrogen) 
8.92 non-bonding (oxygen) 
/0 11.33 rr- bonding 
R 
~0 9.67 non-bonding (oxygen) 
D~ 9.15 non-bonding (carbonyl oxygen) 1"1.96 rr-bonding 
/;0 8. 58 non-bondi ng (oxygen) 10.80 rr-bonding 
D 
Infrared Study of Heterocyclobu t anones 
In attempt ing to evaluate poss ible 1,3 type interactions between 
the lone electron pai r on the heteroatom and the carbonyl ~-bond, a 
comparison of each carbonyl st retching f requency was made for each 
heterocyclobutanone (Table 5). A summary of other ketone carbonyl 
stretching frequencies i s also shown {Tabl e 6). 
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We can exp lain trends in t he carbonyl stretching frequencies as 
follows: If one assumes delocal i za t i on of t he n-electrons across the 
ring, the dou ble bond characte r of t he carbonyl should be lessened with 
ensuing shift to a lower wavenumber for the carbonyl stretching fre-
quency. Should thi s occu r, we would expect t he heterocyclobutanones to 
exhibit a lower carbonyl stretching frequency t han cyclobutanone (1). 
This observa tion can be seen only for thietan- 3-one {2). Additionally, 
the thietanones exhibit two ca rbonyl stretching freq uencies. This can 
be interpreted as two different chemi cal environments of the carbonyl 
or molecules interacting tran sannularly thro ugh t wo different conforma-
tions in the solid state . In solution, the t etramethyl th i etan-3-one 
shows a singl e absorpt i on at 1760 cm-1. Transannu l ar participation is 
noted in la rger eight and nine membered r ing thi oketones. 37 In these 
ring systems, because of r i ng deformation sulfur carbonyl internuclear 
distances are far smal l er than for the i r smal l er ri ng counterparts. A 
simple change in mass may lower the carbonyl stretching frequency if it 
is directly attached to the carbon of the ca rbonyl group. The sulfur 
is on the 6-position and thus it would affec t the C=O stretching fre-
quency only slightly. The data shown on Table 6 verify this conclusion. 
Cyclopentanone shows a carbonyl stretching frequency of 1745 cm-1. 
While compound thiacyclopenanone, conta ining sulfur in the s-
position shows an absorp tio n at 1744 rm- 1. The difference in the car-
bonyl stretch ing for cyclobutanone vers us thietan-3-one, 1791 cm-1 and 
1768 cm-l respectively must be due to other than a mass effect. 
Geometr ic paramete r appea r to be ~he main factor in predicting 
the carbonyl absorptio n in the heter-o·:yc lobutanones. A summarization 
of internal ri ng bond angl - and th~ C; Q bond length are shown in 
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Table Since the bond le1gti1S de· no t vary signifi cantly for the com-
pounds examined and the i nt ·:\t•· ?t1 bt'1n·. an9l e does, it waul d appear that 
the carbonyl stretch ing frequen y can best be correlated with the latter. 
It would appear that the inf·L red stretching frequency nega tes any 
direct transannu l ar interaction in heterocycl obutanones. 
From Tabl e 7, consi der th~ inte rnal bond angle, as the angle in-
creases the carbonyl stretchi 19 frc quercy decrea ses as expected. This 
is explained as i ncreasing p character i n the ring bonds and a corres-
ponding increase in s cha racter in t'1e carbo nyl bond resul ting in 
changes in the carbony stretch ing freque ncy. This expl anation is 
quite qualita tive, we therefore co nsidered an alternat ive explanation. 
It has been shown tha t there is an appreciable dependence on the car-
bonyl stretch ing frequency on the internal bond angle due to mechanical 
effects alone, considering changes in force constan ts or hybridiza-
tion.38,39,40 
The mechanical model developed is given as follows: 
-
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Considera tions i n the model are: the bending constand k being small cc 
is neglected, t he carbonyl stretching f requency is independent of the 
mass M3 provided M3 ~ 12, but dependent upon k0 . Thirdly the angular 
variation of f requency is essentiall y i ndependent of kco· If one plots 
the internal bond angl es versus stretching f requency of heterocyclo-
butanones along with cyclopentanone and cyclohexanone one obtains a 
linear rela tionsh ip (Figure 4) . A mathematical relationship derived by 
Halford, which also shows the appreciable dependence of the C=O fre-
quency on angula r vari at ion is given as fol lows. 
v(cm-1) = 1278 + 68k- 2. 2¢ (1) 
k = 0.01 47lv + 0.03235¢ - 18. 794 (2) 
v = carbonyl stretchi ng frequency 
k = fo rce constant 
~ = internal bond angl e 
Using this equation , the fo ll owing values were obtained for the 
heterocyclobutanones (Ta ble 8). 
The calcul ated frequencies agree qui te well wi th the observed. 
Additional ly the force constants increase appropriately as we go from 
thietanone to oxetanone. Halford' s relations hip predicts that carbonyl 
groups with angles between 90 to 120 degrees should have force constants 
in the ra nge 10 . 2 ~ 0.3 practical units. Thi s is observed in cyclo-
butanone and thietanone. Bond angles less than. goo as in oxetanone and 
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azetidinone show a greater increase in the value of the force constant, 
yet correlate quite well when one compares observed versus calculated 
frequencies. 
The conclusions which can be reached, is that the internal bond 
angle about the carbon of the carbonyl group is the predominant factor 
in determining the carbonyl stretching freq uency in heterocyclobutanones. 
The increase in force constant is also affected by the internal bond 
angle as noted in oxetanone and azetidinone. Since the oxetanone and 
azetidinone show a bond angle less than 90°, they affect the force 
constant more than that observed for thietanones and cyclobutanones. 
The hybridiza tion explanation of increasing carbonyl frequency is ade-
quate, but quali tative . The latter approach seems to be the preferred 
explanation. 
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Table 5. Summarization of Carbonyl Stretching Frequencies of Hetero-
cyclobutanones . 
Compound 
1791 5.58 
~0 
0 1768 5.65 
1;0 
p 1820 5.49 
1!0 
/0 1820 5.49 
R 
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Table 6. Summarization of Carbonyl Stretching Frequencies of Cyc1o-
a1kanones and Acetone 
Compound cm-1 __]!_ 
0 
It 
0 1745 5.73 
0 
II 
0 1715 5.83 
CJro 
1751 5. 71 
I 
H 
00 1744 5.71 
~0 
0 1760 5.68 
1715 5.83 
Table 7. Summarizati on of Nicrowave, Fa r Infrared and Raman Spectro-
scopy Geometric Derived Parameter of Heterocyclobutanones 
0 
Compound Internal Bond Angle at C=O C=O Bond Length A 
193.1 + .02 1.204 + 0.006 
J)42 
0 1100.5 : .05 1.224 + 0.018 
~0 
D 188.06 + 0.15 1.230 + 0.020 d - 0 
1.19 + 0.01 A 
/[] 
~0 
not known 
R 
1.222 + 0.003 
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Table 8. Summarization of Calculated Force Constants and Carbonyl 
Stretching Frequencies of Heterocyclobutanones 
k(force constant lxlo-5 dynes) Calc. 
Compound em Freg. 
~0 
D 10 . 54 1789 
ijoa 
D 10 .46 1768 
~0 
0 11.22 1847 
1;0 
/D 
R 
10. 83c 1820 
a - used IR stretching frequen cy of unsubstituted thietanone 
b used IR stretching frequency of unsubstituted oxetanone 
c - data was ca l culated via extrapolation from Graph 1 
Observed 
Freg. 
1791 
1768 
1820 
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I 
1830 
1820 
1810 
1800 
1790 
-1) 1780 V (em 
of C=O 1770 
Stretching 
Frequency 1760 
1750 
1740 
1730 
1720 
1710 
1700 
86° goo 94° 
Po 
98° 102° 
Linear Regression Analysis 
r = .9516 
Level of Significance - .001 
0 
II 
Q 
106 ° . 110° 114 ° 118° 
0 
II 
0 
122° 
Internal Bond Angles (degrees) 
Figure 7. Plot of Angular Variation on the Carbonyl Stretching Frequency 
~ 
(J'1 
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Ultraviolet Spectroscopy of the Heterocyc lobutanones 
Cyclobutanone and heterocyclobutanones give n + n* transitions in 
the near ultraviolet region. The Amax and molar absorptivity values 
are given in Table 9. If orbital interactions are occuring between the 
heteroatom lone pairs and the p orbitals of the carbon-oxygen n bonds, 
a shift to lower energy shoul d be observed for these transitions. This 
can be explained by re sonance structures of the type shown below (15), 
®0 
ae 
( 15) 
indicating that the electrons on the oxygen should be more available 
for excita tion . An analogous sys tem woul d be an enone. Spectra of 
enones are characterized by an intense absorption band in the 215-
250 nm reg ion (smax usually 10000-20000) and a weak n + n* transition. 
Thus, we would expect a decrease in the difference in energy between 
the non-bonding and antibonding pi orbitals. In large rings of the 
type shown below (16), 
0
~0 
:>; 
s 
( 16) 
then+ n* transition is at 288 nm (smax 1.25) with another transition 
(n + n*) appearing at 226 nm (smax 3.28). These interactions could be 
though of as transannular or intramolecular charge transfer. This is 
expected since the large eight membered ring is not rigid and the 
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heteroatom can get within bonding distance to the carbon of the carbonyl 
group. 37 It coul d be argued that 3-methylene cyclobutanone (14) UV 
spectral data suggests transannular partic ipation (smax 213(£1500), 
228(s20) ). However, no conclusions coul d be drawn regarding 1,3 inter-
actio n because of the presence of 3-methylcyclobutenone. 45 The four 
membered rings are r igid which prevents close approach of the hetero-
atom and the carbonyl group. There is no appreciable difference between 
the oxetanone, azetidinone and cyclobutanone transitions. This would 
indicate minimal in teraction between the heteroatom and -the exocyclic 
n bond. On the contrary, the n ~ n* transition of t he thietanone is 
approxi mately 25 nm higher in energy t han the other heterocyclobutanones. 
A possi ble expl anation could be based on the induct i ve and hyperconjuga-
tive effect of a·lkyl groups attached to the carbon atom of the carbonyl 
group.46 The alk,' l group should raise the antibondi ng n orbital of the 
carbonyl group, while it would exert no effect on the non-bonding p 
orbital . Thi s is reflected in the data gi ven in Tabl e 10. Since we 
are deal ing with the tetramethyl derivati ve of the thi etanone , we 
could explain t he shift to higher energy i n this manner. However, the 
ultraviolet data obtained for the azetidi none, oxeta no ne and cyclo-
butanone agree. We then conclude that t his explanati on cannot be held 
for these systems. 
An alternat ive expl anatio n places emphasis on the ring bond angles 
47 about the carbonyl group. 
0 
II 
Upon contraction of the R-C-R angle, the energy of the P orbital z 
(Figure 5) of carbon is increased, bu t that of the Pz orbital on oxy-
gen or of the non -bonding orbitals on oxygen are left unchanged. We 
should then expect that the ~ energy state will be higher than in an 
unstrained molec ule. Howev lr , t he u* energy state will be raised to 
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an even greater extent, with t he n ~ rr* trans ition increasing. The 
effect wou ld be enhanced i n compounds having smaller bond angles about 
the carbonyl. Th is would shift ~max t o shorter wavelengths as is shown 
experimentally in Tabl e 11 . These effects do not explain the anamolous 
behavior of thietanone. 
lf one now compares the calculated transitions for the heterocyclo-
butanones (Tabl e 12), we see no changes in Amax for the compounds. How 
then are we to explain the behavi or of thietanone? Again resorting to 
calculations , we ind t ~ e rr ~ rr* transi tion is 265 nm in thietanone. 
This value is ve ry close t o the observed value. The data however 
suggests tha t this is not the case due to the low smax values. Thus, 
the implica tion may be that structures as dep icted in (15) may exist. 
If this is the case, we should compare £max and molar absorptivities 
of compound s which exhibit transannula r participati on. These compounds 
are thiacyc looctanone and cyclooctanone (Table 13). We see two transi-
tions for the thioketone versus one for the alkanone. The transitions 
are basical ly at the same Amax, with the molar absorptivities being 
similar. In comparing cyclobutanone and thietanone, the smax values 
are quite simi lar. Additionally, we see only one peak in the ultra-
violet spectrum of thietanone. This observation is suggesting we 
• 
excl ude transannular parti cipat ion i n thi etanone. 
An apparent explanati on, which is su pported by PES data, is the 
interaction of the n-bonding orbita l with the cr framework of the ring. 
The stabi lization of the n level in thi etanone is probably due to the 
hybridizati.on changes in the ring. It appears as the bond angle in-
creased, the a bondi ng of the ring system increases. This increases 
the interaction of the -bon1ing orbita l on the oxygen with the ring 
system stabil izing then-orbital with ensuing shift to higher ~max 
values. Poss ibl e circumannular interac tion might be expected with 
highly di ffuse sulfur o rbital ~. · t the refore appears that circuman-
nular part icipation can be involved to explain the UV data. In the 
next secti on dealing with the PlS of the heterocycl obutanone, this 
is further exemplif'ed. 
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Table 9. Summarization of Ultravi olet Spectral Data of Heterocylco-
butanones 
Solvent 
hexane abs. f. t OH 
258( 5.03) 255(5. 01) 
282(8.75) 280(8.73 ) 
*280( 18.5 ) ··278(18.5) 
281 (19.2 ) 278( 19.2) 
*Shoulder 
-
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Table 10. The n ~ n* Band of Simple Carbonyl Compounds46 
Forma1deh~de Acetaal dehi:de Acetone 
Solvent A (nm) max l ogE:max /\mJx(nm } logsmax Amax(nm) logE:max -- -- ____ _.. __ 
Hep t ane 290 1. 22 279 1 . 11 
Water 288 1 13 277 0.90 265 1. 25 
-
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Tabl e 11. Carbonyl N + rr* Maximum Wave lengths of Some Cyc1oalkanones47 
Compound Amax (isooctane) 
Cyc1obutanone 281.5 
Cyclopentanone 300.1 
Cyc lohexa none 291.4 
Cycloheptanone 291.8 
Table 12. Calculated (ST0-3G) Carbonyl n ~ n* Transition Energies 
of the Heterocyclobutanones48 
Compound 
~0 
0 
n-bonding orbital 
energy (eV ) 
-8-.58 
-8.86 
-8.93 
- 9.15 
rr-bonding orbital 
energy (eV) 
+7 .87 
+7.58 
+7.63 
+7.37 
~E(eV) L1E(nm) 
16.45 300 
16.44 305 
16.56 305 
16.53 305 
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Tabl e 13. Ultravi olet Absorption Spectral Data of 5 thiacyclo-octanone 
and Cycl ooctanone 
Solvent 
hexane 95% EtOH 
[A.max(Emax)] 
0 
ct> 226(2398) 238(2398 ) 288(17. 7) 
0 
6 290(16.8) 283(16.8) 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
rr* 
/ ------\ 
/ ' 
/ ' / 
' \ 
\. 
\ 
\ 
\ 
\ 
" p ---<\ \. 
z \ \ 
\ \.\. 
\ \. 
\. n ),__ __ 
\ 
\ / Pz 
\ / 
\ / 
\. / 
\. / 
\. / / 
\ / 
\ / 
\ / 
\ / 
\. / 
\...__-..// 7f 
Figure 8 - The Simple M.O. Diagram of :c=o 
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56. 
Photoelectron Spectroscopy of Heterocycl obutanones 
The ultraviolet photoel ectron spectra of the heterocyclobutanones 
were obtained and the experimental data is summarized on Table 14. The 
rigi dity of the four membered ring allows for the possibility of sub-
stant ial orbital interactions. Primarily , these interactions are be-
tween the heteroatom lone pair and the exocyclic TI bond. The experi-
mental values of the orbital energies (ioni zation potentials) were 
assig ned accord ing to: (l) band shapes, (2) correl ation to other spectra 
of similar compounds, and (3) perturbat ion calculations showing that the 
ordering of calculated orbital energies coi ncided with that of experi-
mental obse rvations. 48 
To study orbital interactions, we compared the heterocyclobutanones 
to simi lar molecules, in which, the interactions could not occur. We 
are therefore looking for deviations in behavior which could be corre-
lated to orbital inte ractions. The compounds we sought to compare with 
the heterocyclobutanones are thietane, oxetane, azetidine- and cyclo-
butanone (Table 15). 
The photoelectron spectra of heterocyclobutanones are similar to 
the heterocyclobutanes in terms of band shape and ionization potentials 
of the non- bonding electrons of the heteroatom. For thietanone, the 
ionization potential of the non-bonding electrons occurs at 8.71 eV 
versus 8.65 eV for thi etane. The band shapes of the azetidine and 
azetidinone non-bonding electron ionizations are agai.n almost identical. 
- ~ 
The long pa ir ionization potentials for these molecules are 8.80 eV for 
the azetid inone and 8.93 for the azetidine. In thietanone and azetidi-
none, the lo ng pair oxygen electrons are quite easily distinguishable 
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from the non-bonding heteroatom lone pai r as seen from Table 15. The 
val ue agrees quite well with the cyclobutanone non-bonding electron 
ionizations. The pho toel ectron spectrum of oxetanone showed that 
the endocyclic oxygen lone pair had an ionization potential of 9.83 eV. 
The ass ignment was based on the comparison with oxetane and cyclic 
49 ethers. Additional ly the band shape was that expected of a hetero-
atom l ong pair. The exocyclic oxygen showed a band shape and ionization 
potent ia l similar to cyclcbutanone. The n-bond ionization potential for 
all the heterocyclobutanones was taken as t he onset of the first band 
appeari ng in the bonding electron region. These values coincide quite 
well among the heterocyclobutanones. The fact that cyclobutanone 
appears hi gher than the heterocyclobutanones can possibly be explained 
by induct ive effects exerted by the heteroatom. Simple differences in 
electronegativity migh t account for the gradual change in n-bond ioni-
zation energies. On this argument, the oxeta none and azetidinone n-
bonds should have i onization energies cl ose to each other, which they 
do. The thietanone should have a lower i onization energy, similar to 
cyclobut anone. The lower ionizati on energy of thietanone is observed 
but is not similar to cycl obutanone. The differences in eV values for 
oxetanone and thietanone can be further explained. In our studies we 
are dealing with the tetramethyl derivatives of these heterocycles. 
The effects of substituents on the ring system appears, via calcula-
tions,48 to affect the ionizati on potenti als of the heterocyclo~uta-
nones (Table 16). 
The effect is that the n bonds give l ower ionization energies as 
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alkyl substitution i s introduced. It is well known that alkyl substitu-
tion tends to l ower ionization potentials in analogous systems. Thus 
it can be explained that the ionization potential of the unsubstituted 
thi etanone and oxet ano ne should have a hi gher value, which is true, as 
is noted in t he photoelectron spectrum of unsubstituted oxetan-3-one. 50 
The TI- bond in unsubstituted oxetan-3-one can be assigned a value of ap-
proximately 12 eV. The same argument could be considered in understand-
ing t he i onization of the nitrogen lone pair of azetidinone. We would 
expect a lowering of the ionization potent i a1 51 of about .33 eV, as com-
pared to the unsubstituted nitrogen of aze tidi ne on azetidinone. We 
see only a change of .13 eV. It should be considered, however, that the 
approximate .33 eV lowering was observed on a substituted piperidine. 
Changes in structure will induce different ef fects and we are comparing 
a r igid four membered ring with the si x membered piperidine ring. The 
important observation is that the alkyl group does induce a lowering of 
the ionizati on potential. 
We now t urn our attention to the quest ion of orbital interactions 
in t hese r ing systems. Consider the following diagram showing the ioni-
zat ion potentials of selected orbitals in the given molecules. 
0 
9.63 eV 
(non-bonding} 
9.61 eV 
and (non-bonding) 
9.35 eV 
(n-bonding) 
10.90 eV 
(TI-bonding} 
O o 
8. 71 eV (non-bondi ng sulfur) 
9.37 eV (non-bondi ng oxygen) 
11.25 eV (n-bonding ) 
59 
From a simp l i s tic point of view, we see that the ionizatio1 poten-
tial of the lone pair on thietane and t hie tanone are essentially the 
same. If any interaction occurred between the sulfur and carbonyl or-
bital s this woul d not be expected. A s impl e perturbation approach, 
woul d predict, that the non-bonding sulfur orbital would be lowered while 
the n-bond orbital would be raised i n energy. Again it could be argued 
tha t the n- bo nd is in fact raised in energy. But the forementioned 
arguments appl ying t o n-bond ionizat ions should be again considered. In 
addi t i on , the i nterpre t at ion of PES spectra is difficult if we consider 
inducti ve effec ts of ionic states. Ionizi ng a non-bonding electron would 
not change the geometry of the mo lecu le to a great extent, but ionizing 
a bonding electron would do more so. Thu s i nductive effects would be 
largely felt at the n-bond orbital and not to a great extent at the non-
bond ing orbital. Consider then that s ince t he non-bonding orbital ioni-
zation energies for the heterocyclobutanones stays similar to the cycle-
butane ana logs, that minimal interaction of 1,3 pn-pn occurs. The sta-
bil ization of n-bonding orbitals then could be interpreted as inductive 
effects or hyperconjugat i ve. Support of this is cited in the PES of 
1,3 dimet hyl enecyclobutane (13). 34 It wa s shown that the through~bond 
interaction dominates the through space in teraction of the two localized 
n orbitals, leading to an inverted oribtal sequence. This occurs through 
conjugat ive effects via pseudo n-CH2 groups in the ring system. In our 
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case, inductive effects as well as the stabilization of the TI-bonding 
orbital by a non-bonding el ectron pai r on the heteroatom occurs. 
Stabilization to a greater extent can be expected if one considers we 
are dealing with a non-bonding to bonding rather than a bonding-bonding 
interaction as in 1,3 dimethylenecyclobutane. Thus, the higher rr orbital 
ioni zations of the he terocyclobutanone can be further explained by an 
appa ren t circumannular stabilization by the lone pair electron of the 
heteroatom . At t his poin t we turn our attention to the non-bonding 
orbital of the carbonyl oxygen for fur ther insight into the orbital 
interacti ons. 
Several years ago, Cook52 obtained a correlation of oxygen non-
bonding ionization potentials with carbonyl stretching frequency for a 
large number of carbonyl compounds. If a similar plot is made for the 
heterocycl obutanones (Figure 6) we obta in a roughly linear relationship, 
with the oxetanone not following the re lationship. Nevertheless, the 
signi fica nce is that these ioni zation potentials corresponded to ioni-
zation from an orbital in the a network of the molecule, this correlation 
indicates that the ring effect is transmitted mainly via the a network. 
This can be shown by considering that the ring bond angle at the car-
bonyl decreases (see Inrared Spectroscopy section) as we go up in ioni-
zation or vco· Thus considering that the p character increases as the 
ionization potential increases, the non-bonding electrons of the car-
bonyl oxygen appear to be incorporated into the a framework of the ring 
system. For example, the azetidinone havi ng a large vCO should have 
more p character in its orbitals at the carbonyl. Due to this we would 
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expect a greater interacti on between the non-bonding oxygen orbital 
and the ring system for azeti dinone ra ther than thietanone, therefore, 
a hi gher ionization potenti al . In PES , the width of half maximum of a 
spec tral band is indi ca tive of th(:! amou nt of geometry reorganization 
. . t. 53 Th . . ,.. upon 1on1za 1on. 1s 1n eftect reflects the bonding character of the 
mo 1 ecul ar orbi ta 1. Fur-thermore, ·it has been found that a non-bonding 
orbital shOuld give u ·e to a sh~rp peak in the photoelectron spectrum. 
Noting for the heterocyclOJl~an · nes that our non-bonding carbonyl oxygen 
orbital appears braod ~ith .4 to .6 eV wi dths at half maximum provides 
at least a qua li tative mea su re of the bonding character. For example, 
acetone ha s a hal f maximum \1-Jidth of . 17 eV with sharp bands appearing 
in the spec trum , 54 which would be expected of localized lone pairs. 
Thus, the stabil :zation of the no n-bond ing orbital in heterocyclobuta-
nones is probabl y duE to the hybridizati on changes in the four-membered 
ring. Thi s effec l~o rls to he broadnes s of the heterocyclobutanone 
non-bond ing orbi tal ioniz~tion enve l opeo This can be considered to be 
due to in teracti on s with the a-framework of the ring. It has been 
suggested55 that the non-bondi ng orbital may be interacting with the 
lowest unoccup ied Walsh o* orbita l or one of the highes t occupied a 
orbitals . Suc h interac tions have been cited in cyclopropanone.
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In 
closing, considering PES data it appears tha t the predominant inter-
action in heterocyclobutanones is circumannular. This is verified by 
the minima l change in the lone pair heteroatom ionizati on and the sta-
bilization of the carbonyl oxygen non-bond ing orbital as evidenced by 
the broad natu re of the ionizati on envelope. 
Tabl e 14. Summarization of Experimenta l I.P. Values of Nonbonding 
Electrons of Heterocycl obu t anes48 
Observed I.P. (eV) 
0 8.65 
D 8.93 
D 9.63 
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Ta bl e 15. Summarization of Experimen ta l and Calculated Values of 
Heterocycl obutanones and Cyclobutanone 
D 
10 
0 
~o 
0 
~0 
I 
CH 
I \<I> 
<P 
D 
~0 
Observed 
IP (eV ) 
9.6l(b2) 
10.90(bl ) 
8.7l(b,) 
9.37(b2) 
11 . 25 (bl ) 
8.80(b,) 
9.68(b2) 
11 . 40(bl) 
9.83(bl) 
9.39(b2) 
11.58(bl) 
Ca lcu l ated 
IP (eV} 
8.58(b2) 
10.80(bl) 
7.09(bl) 
8.85(b2) 
11.60(bl) 
8. 64(b, ) 
8. 93(b2 ) 
11 .33(bl) 
9.67(bl) 
9.15(b2) 
11 . 96 ( bl ) 
Orb ital 
non- bonding 
rr-bonding 
non-bonding (sulfur) 
non-bonding (oxygen) 
rr-bonding 
non- bonding (nitrogen) 
non-bonding (oxygen) 
rr-bonding 
non-bonding (oxygen-endocyclic) 
non-bonding (oxygen-endocyclic) 
rr-bonding 
63 
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Table 16. Summarization of the Effect of Methyl Substitution of 
3-0xetanone and Ion ization Potentials 
D 
Calcu lated 
Ionization 
Potential 
(eV) 
9.67 
9.15 
11.96 
9.49 
8. 91 
11.84 
Orbital 
non-bonding oxygen (endocyc1ic) 
non-bonding oxygen (exocyclic) 
TI-bonding 
non-bonding oxygen (endocyclic) 
non-bonding oxygen (exocyclic) 
Tr-bonding 
9.80 
9.75 
9.70 
9.65 ~ 
9.60 J 
9.55 
9.50 
9.45 
9.40 , ~ 
• ~0 
9.35 ~ ~ D~ 
I 
9.30 
9.25 
1760 1770 
0 
'lo 
• 
1780 1790 1800 1810 
cm-1 
0 • 1 
D 
I 
<P CH"-
<P 
*D 
~0 
1820 1830 
Figure 8- Plot of Non-Bonding Carbonyl Oxygen IP (eV) Versus vC0(cm-
1) for Heterocyclobutanones 
"' U'l 
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CONCLUSIONS 
The correlation of spectral properties of heterocyclobutanones have 
allowed us to conclude that there are t wo main types of orbital inter-
ac tions in t he four membered ring systems . All the evidence indicates 
that circumannu l ar (through bond) i nteraction is much larger than trans-
annul ar (throug h space) interaction. Thi s was not believed to be the 
case prior to our studies. All the compounds prepared were reported 
previ ously . The original data in this t hesis was obtained from pre-
mie r photoelectron spectra of the title compounds. The interpretation 
of all spectral data as related to orbital interactions is unique in 
some instances. 
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ADDENDUM 
Studi es on Pentachlorophenol 
INTRODUCTION 
Wooden materials parti cularly those found i n soil and water are 
ofte n exposed to the at tacks of a wide variety of organi sms , ranging 
from bacter ia and fung i to insects such as termites and powderpost 
beetles . Wooden mater ials whic h are most frequently protected ~Y 
treatment with wood preservati ves are ra ilroad ti es, utility poles, 
con structi on timbers and piles . One of the wood preservatives most 
often used against termites and fun gi is pentachl orophenol (PCP) . 
OH 
Cl*Cl 
I~ 
Cl Cl 
Cl 
Unfortunate ly, it is toxic to animals, man and in addition presents 
potential hazards in the environment. 
From th is viewpoin t , it was thought beneficial to study the 
metabol ism of PCP in a selected animal to find the following: (a) the 
1 
toxic levels of PCP, (b) the mechanisms of excretion and detoxificati on, 
and lastly (c) the histopathological cha nges which the chemical induces. 
Stud ies undertaken on the metabolism of pure (>99%) PCP are sum-
marized as follows. 1' 2 In studies in whic h 14(C) PCP was administered 
to rats , monkeys, and mice. The main routes of excretion were found t o 
be: 
(a) catabolism of PCP to tetrachloroquinone. 
OH 
Cl~Cl 
c1Vc1 
Cl 
0 
Cl II Cl 
~
Cl~Cl 
II o · 
(b) excretion of uncha nged PCP and its glucoronide conjugate. 
(c) excretion of PCP and its metabolite into the bile. 
Anal ysis of (14c) PCP in selected tissues revealed the highest 
2 
concentrat ions in the liver, kidneys, and the large and smal l intestine. 
In add ition, the liver and kidney showed an increase in weight. Plasma 
concentrat ions of radioactivity were high relative to other tissues ap-
parently due to irreversible bi nding to plasma proteins. 
Reproduction studies undertaken indicate that developing or neo-
natal rats are more sensitive to the toxicologic effects of PCP than are 
adult rats. PCP was not, however, found to be carcinogenic when admini-
stered to rats in their diet on a chronic basis at dose levels suffi-
ciently hi gh to ca use mild signs of toxicity. The L0 50 of PCP is be-
lieved to be 150 mg per kg of body weight. High dose levels induced 
these effects : decreased body weight gain, increased serum glutamic 
pyruvate transaminase and increased uroporphyrins in the liver. Hepatic 
enzyme activity was also i nduced, the enzymes being most affected were 
the aryl hyd rocarbon hydroxyl ase and glucuronyl transferase. In addi-
tion increased activit ies of liver cyt oc hrome P-450 and microsomal heme 
were also noted. It is also known , however, that technical PCP, as men-
tioned earl ier, may be cont aminated wi th a number of toxic trace impuri-
ties, name ly, hexa-, hept a-, and octa-c hloro-p-dibenzod ioxins. 
Cl~Cl Cl-€JOBC1 Cl~~Cl 
dibenzofuran diphenylether dioxin 
Investigations dealing with the resolvement of whether the impurities 
noted or PCP is the main toxic agent seem to be inconclusive. It is 
true that the dioxins are among the most toxic compounds known, but 
PCP still seems to elicit hazardous effects. 
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The study of PCP metabolism has been basically conducted on 
standard laboratory animals. In this study the animals used were swine. 
The use of swine can be explained twofold. One, they appear to be 
suspect to PCP exposure but which can•t be proven conclusively in the 
South Dakota area. Secondly, they represent animals which are found in 
the environment in which PCP exposure is possible. Piglets were foun d 
to be most ideal, in that handling is easier and that the effects of 
PCP as noted earlier seems to be more sensitive on young animals. Thus 
recognition of the effects due to PCP would be more evident. 
Initially a group of piglets (4 piglets; 2 controls (male and fe-
mal e) and 2 experimental (male and female)) were exposed to non-radio-
active pure (>99%) PCP. 3 This was done for the following reasons: (a) 
identify the tissues most suspect to PCP toxicosis, (b) use these tissues 
as specimens in ultrastructural analysis by light microscopy and quanti-
tative electron microscopy and (c) conduct blood analyses which during 
the course of the experiment which would give indications of enzyme 
activities. Additionally, these preliminary observations can give some 
insight in the isolation and identification of radioactive metabolites 
of PCP in later studies. 
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EXP ERIMENTAL 
The gas chromatograph used for this study was a Varian Aerograph 
HY- FI, Model 600-D, connected to a Sargent recorder, Model SR, lmv, 
equipped with an 8mC 63Ni source. Co lumn , injector, and detector temp-
era t ures were 200°C, 210°C, and 280°C respectively. The column was a 
borosi licate glass column packed witha l :1 mixture of 15% QF-1 and 10% 
DC-200 silicone on 80/100 mesh chromosorb W. It was operated isothermi-
cally with a flow rate of 40 ml/mi n. of nitrogen carrier gas. 
Blood analyses were conducted by the Veterinary Science Department 
at South Dakota State University. Preliminary tissue preparat ion and 
electron microscopy were conducted through the courtesy of Dr . Nels 
Granholm. The electron microscope used was a Hitachi HV-12, with thin 
sectioni ng conducted on a Sorvall-Mark 2 Hurley-pattern ultra-microtome 
type 52271. Glass knives were prepared with the LKB 78008 Knife Maker. 
All other· experimental work in terms of spectroscopic and synthetic work 
were conducted at the Chemistry De partment at South Dakota State Univer-
sity, with instruments used being cited on page 10 of this thesis. 
The pentachlorophenol used for these studies was commercially 
availa ble from Aldrich Chemical Co., Milwaukee, Wisconsin. 
As ci ted previously , a group of piglets (4 piglets total; 2 con-
trols (male ( nd female) and 2 experimental (male and female)) ~eceived 
a daily capsule of pure lactose (controls) and PCP mixed with lactose 
(experimental). The treatment for the experimental animals was ~35 mg/kg 
body weight per day for a period of 10 days. Blood analyses were con-
ducted at the beginning, middle and at necropsy of the 10 day period. 
At necropsy, the liver kidney, brain, and muscle tissues were removed 
fo r li ght and electron microscopy. In addition to microscopy, the 
organs were stored for later gas chromatographic analysis. 
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At this same time a preliminary synthesis of PCP was being con-
ducted with later intent to synthesize 36cl-PCP for metabolite studies. 
The general synthetic scheme is as follows: 
OH 
Cl ~Cl 
Cl~Cl 
Cl 
0 0 
II II 
CH -C-0-CCH 
3 3) 
f1 
( CuCl 
0 
II 
0-C-CH 3 
Cl-ctrCl 
NH-C-CH 
II 3 
0 
OH 
Cl~Cl 
Cl~Cl 
N2 Cl 
HCl 
0 
II 
O-C- CH3 
Cl~Cl 
Cl~Cl 
HN-C- CH 
II 3 
0 
In producing the 36cl-PCP, Cuc1 36 and HC1 36 would be used instead 
of the normal reagents. 
Initial synthetic work proved that acetylation of the 2,6 dichloro-
4-amino-phenol gave the correspondi ng N-acetyl, 0-acetyl-2,6-dichloro-
phenol (mp. 162-164°C, NMR showed o7.8 (aromatic hydrogens) o2.4 (0-
acetyl group and o2 .0 (N-acetyl group)). Chlorination consisted of 
chiefly the N-acetyl-0-acetyl-2,3, 6-trichlorophenol (mp. 176-178°C, 
NMR showed o7.6 (aromatic H), o2.4 (0-acetyl), and o2.2 (N-acetJ l)). 
Molecular models showed steric hindrance at the 5 position. Synthesis 
was abandoned at this point due to possible contamination by dioxins 
and expense of producing t he radioactive reagents needed. 
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As noted previously, elec tron and light microscopy of tissue samples 
were to be examined. Electron microscopy preparation was conducted im-
mediate ly after necropsy. The preparato ry stage for tissue used in 
electron microscopy first invol ves the fixation (stabilizat ion and pre-
serva tion of normal components used in tissue and photographic process-
ing), dehydration and plastic embedding of the material in question. 
The outline for this procedure was as follows: 
(1) Fixation 
(a) 3.0M glutaraldehyde in O.lM phosphate buffer at pH 7.3 for 
1 to 2 hours. 
(b) O.lM phosphate buffer rinse. Three changes at 20 minutes per 
change. 
(c) 2.0% osmium tetraoxide in O.lM phosphate buffer at pH 7.3 for 
1 to 2 hours of refrigeration. 
(2} Dehydration and Embedding 
(a) Successive changes of alcohol were made every 10 minutes by 
introducing 10, 30, 50, 70, 95, and 100% ethanol sequentially. 
(b) 3 changes at 100% ethanol. 
(c) 2 changes with propylene oxide. 
(d) Embedment (epon Araldite) 50-50, 72-25, then pure embedment 
for 3 to 5 hours each. Followed by polymerization in a 60oc 
oven for 48 hours. 
Block trimming and then sectioning were the next steps in ?. pecimen 
preparation. Block trimming basi cally involves the exposure of tissue 
from the pla stic capsule and sha ping the tissue into a trapazo idal 
shape to be sectioned by an ultramicrotome. Then sectioning consisted 
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of (1) approaching the trimmed block with the glass knife, (2) acquiring 
sections of the correct thickness (the secti on thickness being estimated 
by the interference colors given off by the section), and (3) placing 
of secti ons on 300 mesh copper grids. The mounted sections were stained 
by the use of uranyl acetate and lead citrate. The length of time for 
sta ining with uranyl acetate was one hour, for lead citrate it was 45 
seconds. After first staining with uranyl acetate the sections were 
washed with distilled water by gentle agitation. The same was done for 
the lead citrate. 
The specimens were then preliminarily observed under the electron 
microscope, negatives were taken, developed and enlarged. It was con-
sidered that morphometric studies would not be significant by prelimi-
nary observations and by the lack of a great number of specimens. 
In terms of the data presented from the study of the piglets: 
There was an observed difference in total body weight gain between con-
trols and treated piglets (Table I). The kidney and liver tissue per 
kg body weight showed no drastic change. It has been reported4 that 
enlargement of livers in rats fed 1,000 ppm of pure PCP for 3 months 
was found. Additionally, enlarged hepatocytes and inclusions in the 
cytoplasm of the liver cells were found. 
Table III gives blood chemistries values found in the course of and 
just before this preliminary study. The only data worth citing is that 
RBC morphology on both females was poor. In addition, both female·s 
showed signs of being anemic. Gas chromatographic analyses of kidney, 
liver, and muscle tissues and plasma were done using a modification of 
Hoben's tec hnique. This procedure is outli ned as follows: 
(A) Determination of PCP in liver, kidney, and muscle tissue 
EXTRACTI ON 
1. Weigh out lOg liver (cut liver into small pieces). Add 1-2 
ml 5N KOH (aqueous) per gram of tissue and grind slowly in 
Sorval. 
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2. Remove sample washing down jar with lN KOH and store 24 hours 
at room temperature - shake frequently. 
3. If sample still has large pieces, rehomogenize in Sorva l. 
4. Bring sample to 50 ml using hexane extracted water (20 ml). 
(Extract distilled water with hexane (10 to 1) then re-extract 
with hexane and check the hexane for PCP peaks after bringing 
hexane down to 5 ml. If peak is present extract again.) 
5. Sample can be stored in refrigerator for future analysis at 
this time. 
6. Transfer 5 ml (i.e., lg) of the above extract to a 15 ml 
centrifuge tube and freeze. 
7. Add 5 ml hexane and 0.5 ml concentrated H2so4 and allow to 
reach room temperature. 
8. Extract (shaking manually) for 2 minutes then centrifuge at 
4,000 rpm for 10 minutes. 
9. Pipette hexane layer into a clean 15 ml test tube. 
10. Extract twice more with 5 ml hexane (shaking for l/2 minute 
and centrifuging at 4,000 rpm each time). 
ALKYLATION 
1. Bring hexane extracts down to 2 ml with N2 (using H20 bath). 
2. Add 1 ml diazoethane (or diazomethane), mix, and add 1 more 
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ml, stopper, and mix thoroughly. Let stand for 15 minutes. 
3. Evaporate down to 1 ml with N2 (until yellow color disappears), 
not lower than 0.5 ml. 
4. If dirty, go to clean-up, otherwise go to 10 ml with hexane, 
and a 1 to 10 ml dilution (100 ml) and go to GLC. 
CLEAN-UP 
1. Using a small column add 5g of florisil (3%) and wash column 
with 20 ml hexane. 
2. Add sample and elute with 50 ml hexane into 250 rbf. 
3. Bring sample to proper volume (using flash evaporator and 
transfer to 15 ml test tube using hexane bring up to 10 ml). 
4. Inject in GLC. 
(B) Determination of PCP in Plasma 
1. Pipette 0.5 ml plasma into a 15 ml test tube (centrifuge). 
Add 4.5 ml extracted water (distilled water is acidified and 
extracted with hexane (10 parts water/1 part hexane) 3 times 
and neutralized with KOH). 
2. Add 5 ml benzene and 0.5 ml lN H2so4. 
3. Extract for 2 minutes (shaking by hand). 
4. Centrifuge for 10 minutes at 4,000 rpm. 
5. Pipette benzene layer into 15 ml test tube. 
6. Repeat benzene extraction two more times with 5 ml benzene 
each time. Shake by hand for at least 30 seconds each_time. 
Transfer each benzene extract to the 15 ml test tube. 
AKLYLATION 
1. Bring benzene extracts down to 2 ml in warm water bath with 
N2. 
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2. Add 1 ml diazomethane, mix, and allow to stand for 30 minutes. 
3. Evaporate down to 1 ml with N2 (until yellow color disappears), 
not lower than 0.5 ml. 
CLEAN-UP 
1. Using a small column, add 5g florisil (3%) and wash with 20 ml 
hexane. 
2. Add sample and elute with 50 ml of hexane into 250 rbf. 
3. Bring sample to proper volume (using flash evaporator and 
transfer to 15 ml test tube using hexane bring up to 10 ml). 
4. GLC. 
Tables III and IV summarize the amount of PCP found in each res-
pective tissue. As expected the kidney and liver showed the highest 
concentrat ion of PCP. 
Conclusions which can be inferred from this study are large con-
centra tions of PCP accumulate in the liver and kidney. Due to lack of 
a large group of specimens, statistical analysis would be meaningless. 
Metabo lic studies as well as electron microscopy studies on a larger 
scale would give information as to the detrimental affect of PCP on 
swine as well as determine the structure of the metabolites. 
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Table I. Total Weight Gains, Weight of Kidney and Liver per Kg 
Body Weight of PCP Trea ted and Control Pigs 
Co ntro ls 
1 
2 
Treated 
1 
2 
Total Weight 
Gain - Kg 
+2.03 
+2.26 
+.28 
+.29 
g Kid ney per Kg 
Body Weight 
7.83 
5.09 
5. 01 
7.55 
g Liver per Kg 
Body Weight 
36.29 
30.26 
35 .58 
32. 77 
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Table II. Blood Chemistries of PCP Treated and Control Pigs 
Hct HB WBC RBC ~ LymEh Mono Eo 
l st Bl eeding 
Control 
1 40 13.5 17.1 8.23 51 39 1 4 
2 26 8.7 11.3 6.81 13 81 3 
Experimental 
3 39 13.9 17.3 8.84 37 57 2 
4 27 9.5 11 . 5 6. 31 41 56 3 
2nd Bleeding 
Control 
1 39 11. 7 11 . 1 8.17 50 37 2 
2 34 11.7 10.6 7.08 52 42 
Experimental 
3 40 13. 1 14.7 7.72 42 51 
4 25 8.9 4.9 10.19 17 82 1 
3rd Bl eeding 
Control 
1 24 7.3 27.3 6.34 24 65 2 1 
2 34 11 . 1 17.3 6.89 47 44 2 
Experimental 
3 36 12.0 18.8 7.93 33 60 2 
4 23 7.6 11.8 5.05 41 52 1 1 
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Table III. Determination of PCP in Kidney , Liver, and Muscle Tissues 
Ki dney ppm Brain ppm Liver ppm 
Control 
1 0.573 . 148 0.906 
2 0.645 . 271 0.875 
Experimental 
3 32.3 5.51 37 .5 
4 23.3 5. 51 34. 4 
Spike 93% recovery 109% recovery 100% recovery 
Muscle ppm 
Control 
1 .353 
2 . 501 
Experimental 
3 9.71 
4 9.69 
Spike 99% recovery 
Table IV. Determination of PCP in Plasma 
1st Analysis 
Control 
1 
2 
Experimental 
.1425 
. 2061 
3 .2018 
4 .1820 
Spike 105% recovery 
2nd Analysis 
Contra 1 
1 
2 
Experimental 
.6041 
.8787 
3 49.29 
4 97.56 
Spike 104% recovery 
3rd Analysis 
Control 
1 
2 
Experimental 
3 
4 
Spike 88% t·ecovery 
.8230 
1.186 
60.47 
57.47 
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